The model concept, as presented in this paper, is an original solution created by the author, and can be used as a proposal to build an innovative mechanism to increase the effectiveness of programming and implementation of the development policy, and improve the quality of functioning of a building research institute. The development management system included in this model is a set of actions targeting at the effective use of human and tangible resources, undertaken in a coordinated manner and leading to the achievement of previously established objectives. The market activity of building research institutes is directly or indirectly involved in construction projects, which translates into market mechanisms, such as innovation and competitiveness. In addition, it indicates the participation of a building research institute in the engineering of construction projects as a key to entrepreneurship and implementations.
INTRODUCTION
In an era of innovation, accounting records are saying less and less about the organisation's ability to compete in current market conditions. The role of knowledge and other intangible assets (e.g. organisational culture or customer loyalty) in the creation of the ability of the enterprise to compete and succeed is considered a key characteristic under these conditions. The primary value of research institutes is the knowledge and intellectual capital surrounding organisational culture that is conducive to being open to innovativeness and entrepreneurship in the cooperation between science and business. 1 DSc., PhD., Eng., Building Research Institute, 1 Filtrowa St., 00-611 Warsaw, Poland. e-mail: m.kruk@itb.pl
The creation of systemic growth in the scientific effectiveness of innovation and implementation for the purpose of using science to raise the civilisational level of the economy, is a challenge faced by the national economy. It is mainly growth based on innovation and further accumulation of technically advanced capital that makes it possible to significantly enhance productivity, and move from medium to high macroeconomic income. Research institutes are statutorily involved in the challenges associated with the increase in the competitiveness of the economy because [1] In the scientific discipline of construction, science and engineering intermingle. As noted: the emerging large scale engineering works that impact the safety of hundreds of users and have the designed life of dozens of years must be accompanied by the conviction that they are scientifically based [2] .
Research and development in the scientific discipline of construction (we will use the term construction below in this paper) should be considered within E 3 (Energy × Environment × Economics), i.e. within the limits set by the minimum energy consumption, the minimum impact on the environment and economic rationalisation [3] , and, as such, must comply with the requirements of sustainable development. [4] As construction is one of the oldest fields of technology, and uses many basic, technical and social scientific disciplines, research is conducted in many scientific institutions. Construction, as a scientific discipline, can effectively develop through the permanent connection between science and practice as part of large scale projects, where practice has often been well ahead of theory [5] .
In Poland, research related to construction is conducted by three types of institutions: institutes of the Polish Academy of Sciences PAN, research institutes, and other specialised units and technical universities [6] . The main direction of the scientific activity of PAN units includes theoretical analyses and experimental research, whereas universities focus on education (which cannot be undertaken without a well-conducted internal research). Research institutes, particularly those associated with construction, focus mainly on those activities relating to the application, improvement or increasing the scale and scope of application of the known, in close connection with science and the practice. The primary activity of research institutes specified in the legislation is consistent with the words of Joseph Schumpeter, who noted that technological change in the
production of commodities already in use, the opening up of new markets or of new sources of supply, Taylorisation of production, improved material handling, the setting up of new business organisations -in short, any "doing things differently" in the realm of economic life -are all
instances of what we shall refer to by the term Innovation [7] . The analysis of data relating to the parametric evaluation of Polish scientific units for the period of 2009-2012 suggests that research institutes, which employ 13% of Polish researchers, are responsible for 34% of the scientific achievements and 84% of implementations from Polish science [8] . Therefore, when considering innovation and the competitive economy, it is advisable to analyse the management mechanisms used in research institutes that stimulate development and innovation. The ability and motivation to continue to explore and practically apply the results of research and development, new concepts, ideas and inventions as the foundation of a competitive economy, are assigned not only to entrepreneurs, but in particular to research institutes closely cooperating with entrepreneurs. Thus, the delineated market mechanism became a starting point for the proposal of a model for the development management system of a research institute as presented in this paper. The management model is aimed at increasing the effectiveness of programming and implementation of the development policy, and raising the quality of the functioning of the research institute in the context of the knowledge-based economy.
The strategic approach presented in this article, including the adopted actions, is part of the strategy for the European building research institutes affiliated with the European Network of Building
Research Institutes (ENBRI) [9] . The building research institutes play a very important role in construction projects, at the stage of both innovation and implementation, and in the capacity of a building expert and surveyor operating directly within a construction project. A construction project [10, 11] encompasses activities such as conceptual preparation, organisation and completion of the construction, assembly, refurbishment and demolition, as well as the coordination and monitoring of management processes and various construction processes. At all these stages of the project the main elements are the issues of economics, finance and human resource management [12, 13] as well as the innovations associated with research institutions. Therefore, the knowledge and intellectual capital of the scientific unit play a special part in these activities. The building research institute is not only an institutional surveyor participating directly in construction projects, but also -or rather above all -a scientific unit that is indirectly involved in construction projects from programming and planning to demolition and recycling of materials by conducting research and development for the purposes of the practice.
INNOVATION AND COMPETITIVENESS

INNOVATION AS AN ENTREPRENEURIAL TOOL IN THE CONTEXT OF RESEARCH INSTITUTE MANAGEMENT
Innovativeness is closely linked to the concept of innovation, and should be understood both as an act of a qualitative change in the economy once the production of a new product begins, and as the product (or process) itself [14] . However, the basic definition used by professionals studying technological change is the definition formulated by the already quoted J. Schumpeter, innovation introduces a new method of the means of production [15] . Innovation became a subject of interest to economic theorists, managers, business practitioners and consultants because it represents a specific entrepreneurial tool with which they can use a resulting change as an opportunity to implement a different business. From the viewpoint of strategic management, the most important is the division into technological and organisational innovations ( Figure 1 ). Fig. 1 .The basic relationship between technological and organisational innovations [16] In highly developed countries, a special role is assigned to the relationship between competitiveness and innovation. Economic innovation should be understood as the ability and incentive of economic operators to continue to search for and practically apply new results of research and development, new concepts and ideas. Innovation consists of the preparation and launch of production of new or improved materials, products, equipment, services, processes or methods for a market or another practical application [17] . A summary of the above can be the statement relating to the assessment of the activity of a research institute that it is striking that the need for change in its global functioning was observed in an institute that was perceived as well-run. This is an innovation in its own right, in the context of the activities of the institute, the management mechanisms related to decisions and standards, incentives, information flow, mind-set or the organisational structure. All these activities are closely linked to the model of the development management system for a research institute and oriented at the development of the potential related to the implementation activity. Entrepreneurs and scientific units should see change as something normal and healthy, but it must be managed by combining science and business.
REACTIONS TO CHANGE VS. COMPETITIVENESS AND ENTREPRENEURSHIP
The functioning of research institutes on the market in a situation of permanent change in economic conditions that take place as a result of the ICT revolution, the process of globalisation and regional integration, depends on the continued ability to maintain the existing or create new competitive Plant and equipment as well as intangible assets owned or used by the enterprise, together with skills (abilities and processes), are the key competencies of the enterprise and are treated as resources [21] . Today's top priority in the management of both an enterprise and a scientific unit is competitiveness, increased to the rank of an ideology [22] . Competitiveness ceased to be a means and began to be an objective, where resources contribute to building this competitive advantage, especially in the age of globalisation. Such capabilities and resources are owned by e.g. the Building Research Institute, which, as a business entity on a basic level in market economy, is classified as a large enterprise due to the number of its employees.
An economy, region or entrepreneur whose activity does not provide the coherence of economic, social and environmental objectives cannot be competitive. This is demonstrated by e.g. M.
Lubiński [23] in the definition of competitiveness within the principles of sustainable development.
He claims that competitiveness is a valuing concept that determines a certain desired state that means multiple characteristics on a macro-and micro-economic scale, such as
x selling products with profit domestically and abroad,
x the ability to maintain and even increase market share,
x and the capacity for sustainable development over a long period.
Returning to the definition of entrepreneurship, according to the concept of J. B. Say, it should be noted that it plays not only an important role in the efficient allocation of existing resources, but also in the creation of new improved resources [24] . The search for and use of social and economic innovations, discovering new relationships in the existing economic system, recognising niches in the market, looking forward into the future and searching for and responding to changes are an integral part of entrepreneurship, which is an instrument for the success of not only an enterprise but scientific units as well.
The design of the development strategy for research institutes is based on information describing the state of the macro-environment of the organisation and of the competitive environment, together with the changes occurring in this area, as well as the situation inside the organisation -its resources and competencies. In relation to the macro-environment, one can distinguish a few areas:
natural, socio-cultural, demographic, economic, legal and political, and technological environments [25] . A significant degree of predictability in the context of change characterises a number of factors that describe the natural, cultural and demographic environment, and also some economic variables and general technological trends. In these areas, one can observe factors whose changes are continuous in nature and exert a gradual effect on the market situation. In particular, careful monitoring and rapid response require variables from the legal and technological environments (e.g.
disruptions).
A key element of the environment of a building research institute is the industry in which it operates and its specific nature. A commonly accepted model of competition in industry is the five forces model formulated by M.E. Porter [26] , shown in Figure 2 . Forces affecting the industry determine the profitability of the organisations operating within it. The higher the force, the lower the profitability. For example, the more accredited testing laboratories operating in a particular industry there are and the greater the bargaining power of buyers is, the lower the profitability of the services in this area will be. In the light of the foregoing, and considering Porter's Five Forces Model, it must be noted that the forces acting on Polish scientific units are strengthening, resulting in their declining profitability.
Therefore, against the backdrop of such market realities and ever increasing competition, a justified response from the institutes is, in determining their prospective directions of development, to strengthen their entrepreneurship activities, and not only ensuring balance and optimisation.
KNOWLEDGE-BASED INNOVATION MODEL
Innovation and entrepreneurship embedded in research and development for the purposes of practice, the primary activity of research institutes, is becoming a natural model for their operation.
If we accept the view that innovation consists in the incorporation of knowledge in enterprises, there is no better application of this mechanism than in research institutes, which also partly exist as enterprises. The use of knowledge and intellectual capital for innovative purposes requires that the enterprise possesses a specific set of characteristics, the so-called innovative competencies, the possession of which is not the ultimate guarantor of launching a stream of innovation. A proinnovation model of the functioning of the enterprise or research institute is needed, which includes the shaping of the economic, social, cultural, legal and formal environments and management mechanisms.
In the knowledge-based innovation model [27] , innovation originating from within the enterprise is a result of the interaction between three essential variables:
x the availability and quality of knowledge (both in the enterprise and the environment),
x other characteristics of the environment (the value system, the attitude to work, education level, the shape of legal standards governing the economic activity, the shape and stability of the structures of political power),
x the characteristics of the enterprise itself, referred to as innovative competencies.
The knowledge-based innovation model (Figure 3 ) presented by T. Borkowski and A.
Marcinkowski distinguishes two main types of knowledge applied within an organisation:
x possessed by the employees -internal employee knowledge (wwp),
x accumulated in tangible media, such as books, instructions, user manuals, databases in the possession of the enterprise (libraries, computer centres, etc.) -internal material knowledge (wwm). The employees' knowledge (wwp) is closely linked to material knowledge (wwm) -they are related to each other because, for employees to be able to effectively use material knowledge sources, they must be properly trained and possess some intellectual capital. Extensive resources in material knowledge (wwm) are a potentially strong incentive to train workers, and so contribute to the growth of the employee's knowledge (wwp). In the model being presented, external knowledge are those information resources that the organisation does not have, but at the same time this knowledge is located in its environment and can be absorbed under certain conditions. External knowledge is a powerful reservoir of information produced by the global society in the field of culture, politics and social, economic, technical and scientific issues, and many others.
Internal knowledge, together with intellectual capital, has a decisive impact on the innovative competencies of the organisation, which mean its intellectual ability to initiate, design, and implement innovation. This knowledge-based innovation model presented in the literature does not take into account sociological and psychological variables that, together with the phenomenon of a paradigm shift, are of essential significance. An important factor in the capacity of an enterprise to create innovation is also the organisational culture, often associated with values accepted and widely practised within the organisation. The components of these values and practices may or may not be conducive to innovation in a particular way. The role of the value system, combined with the development strategy, creates an enterprise culture oriented at innovation, that is strengthened by the management mechanism through the adoption of consistent policies.
RESEARCH INSTITUTE AND ITS BUSINESS MODEL
In the literature on the subject, there are many definitions and approaches to the concept of business model. In very simple terms, it is a business idea about how to generate profits -which in the case of an institute are associated with knowledge and finances. In the age of demanding quality and sales requirements, and a strong focus on increasing the operational efficiency (so-called cost- Practically applied knowledge, data and information of the institute make it possible to solve problems and take appropriate market decisions. Knowledge is created and used in the mind of its holder. In a research institute, knowledge often translates not only into the quality of research and development, but also into the quality of the procedures, processes and organisational structures and culture of the unit [29] . Bearing the above in mind, the role of a building research institute is to achieve specialisation in the field of advanced knowledge -a specialisation model. The largest market, the market of abundance, the market of activities and profits, for a scientific unit is the market called "unresolved problems", where there are always many opportunities for those individuals that demonstrate leadership and prove their value by showing how to resolve these problems. In the case of the Building Research Institute, the business model adopted as the specialisation model is a response to the strategic potential that characterises this unit. BRI employs highly qualified specialists, researchers and experts from multiple disciplines of construction, with authority in the industry. In addition, the institute is an institutional expert, using its knowledge and experience based on the results of laboratory tests, including modern computing and simulation programmes.
Modern methods of engineering and research analysis go far beyond the machine equipment of testing laboratories. Global science and industry require more and more advanced analyses of complicated issues that exceed the research possibilities of even the advanced research centres.
Increasingly, modern computation methods based on numerical analysis are being applied. This is a worldwide trend that is being enhanced by the growth and increasing accessibility of computing 
MODEL OF A DEVELOPMENT MANAGEMENT SYSTEM
The creation of the BRI development concept, in particular, takes into account the history of the The BRI development concept is a proposal for a development management model aimed at increasing the effectiveness of programming and implementation of the development policy and raising the quality of the operation of the Institute. It provides an answer to the questions asked above.
PROACTIVITY AND PARADIGM SHIFT
Proactivity and paradigm are concepts that are an inherent part of a change, so an initiative was undertaken to use it for innovation. Proactivity is an attitude through which we assume that we decide about our lives by making choices. We hold the responsibility for what our lives will look like. The opposite attitude is a reactive approach, in which the outside world is responsible for the shape of our life and its conditions.
On the other hand, a paradigm is an accepted way of seeing reality in a certain field, doctrine, etc. to it take a particular paradigm as a basis, a way of perceiving a particular reality, whose formula they unanimously adopt and they are faithful to this particular research tradition. Such a research tradition is called normal science by Kuhn.
The specification of paradigm allows scholars to conduct specialised research, design increasingly more precise equipment and use it in a consistent manner. It also makes it possible to collect facts and build theories, that is perform activities that focus primarily on providing balance and optimisation. It is this perception of reality that Joseph Schumpeter referred to as the opposite of the dynamic imbalance, that is the standard of a healthy economy that introduces the effectiveness of activities performed by an innovative entrepreneur -innovations.
The mechanisms of balance and optimisation, being closely oriented around adopted rules, suppress innovation that could call into question the fundamental assumptions of the accepted paradigm. The scholars that formulate a different theory than the widely accepted paradigm usually encounter intolerance in their community. For Claudius Ptolemy, for example, the Earth was the centre of the universe -an accepted paradigm. Everything was reinterpreted differently, though, when Nicolaus Copernicus changed the paradigm by putting the Sun in the centre, which caused many objections and persecution. According to Kuhn's theory, each significant achievement in the field of science must first break the traditional way of thinking and the outdated paradigms. The same applies to other fields of human activity, including the development of various units or organisations.
When designing a strategy for the development of a building research institute, one must often change the management paradigm of that unit in order to reach a new level of development of this organisation.
MODEL ASSUMPTIONS
The institute development concept incorporates a few assumptions relating to the BRI activities:
x enhance the proactivity of the Institute in the works performed to ensure the technical and functional quality of civil structures,
x focus research and development on practice-oriented implementations, not only as a response
to the technical problems of the construction market, but as a method of preventing them from occurring in the first place,
x the cooperation at all levels of institute activity, both within the organisational structure and with market participants, should be based on principles of synergy and a win-win approach,
x research and development should be the fruit of ongoing cooperation within the construction market and co-financed by the market,
x scientific and professional development should be based on a system of management of knowledge and intellectual capital.
The creation of the development concept requires learning about the organisation, its macro-and micro-environment, the mechanisms of operation, origins and cause-and-effect relationships.
Getting to know the history of the organisation is essential for designing its future -the vision of the Building Research Institute -the horizon towards which one must be heading for the Institute to be a leader in the creation of the development of the construction industry, which serves as a support for the practice. The BRI development concept is first and foremost a systemic mechanism -a development management system model.
PRESENTATION OF THE MODEL
The future of the BRI is the scientific and expert development of its employees, the effects of which should be reflected not only in setting the direction of the development of construction in the country, Europe and worldwide, but, first and foremost, in reliable, high-quality performance of the research and development works, expert reports and other works related to the statutory activity of the Institute.
The BRI mission is to create high quality and innovativeness in construction by:
x ensuring the development of its employees,
x conducting scientific, research and expert works,
x responding to the needs of market participants.
The BRI development management system model, as a kind of driving force, means creating habits of high effectiveness which lead to the achievement of the BRI strategic objectives. The development concept uses the highly effective habits formulated by Stephen R. Covey [35] , which assume an improvement in effectiveness by changing specific habits. The organisation learns the mechanisms that affect the development.
According to the accepted theory, the first three habits -be proactive, begin with the end in mind and put the most important things first -are the basis for internal development. The next three habits are related to the development of external cooperation: in communication -seek first to understand, then to be understood, and then also the principles: think win-win and synergise (working in a team). The seventh habit, called sharpening the saw, is the continuous improvement of these habits. Such a development management system model, implemented at all organisational levels, makes it possible to unify the principles that lead to the development of employees and thus the institute by introducing, first and foremost, the habit of being proactive.
The driving force of the adopted model lies within the structure of the management mechanisms contained within four main areas: decision-making authorisations (decisions and standards), types of motivation (motivation and obligations), information flow (information and mind-set) and organisational structure (structure and connections). These mechanisms are supported by activities relating to scientific development (people and teams), the growth of finance for science, the consolidation of scientific and expertise potential, the expansion into international markets, diversification of the core business activity and the implementation of changes in the strategic financial management of the unit.
The whole model is supported on two pillars -scientific development and expertise development in cooperation with the entrepreneur -making up the environment of the innovation.
STRATEGY AS AN ACTIVITY PROGRAMME
In the context of business, strategy is, first and foremost, supposed to allow the use of many different methods to build an organisation that acts faster, more efficiently and effectively than its competitors. Among many definitions, it is important to be able to achieve tangible results for the Institute in practice through various strategic concepts.
The results of analysis of strategic potential justify claims that BRI is functioning in an attractive market in a relatively stable environment and has a considerable competitive advantage that it is able to maintain due to its great financial strength. This means that the institute is in a convenient position in the market to draw benefits from its strengths, to use the development opportunities in the environment and counteract emerging threats. This analysis leads to one of the four strategic situations highlighted by H. Weihrich, i.e. to "maxi-maxi" strategy [36] , which is making use of the Due to its principles, the introduced management model strengthens strategic thinking that is no longer based on the "road map" (generic) model but on the "compass", where the mission of the organisation becomes the constitution for its employees [37] . In management, the power of focus on principles is built on the unity in the organisation whose primary need includes communication and understanding. Thus, work ethics are based on the engagement in appropriate, jointly adopted objectives, and the power of focus on the principles inspires a desire to take risks for the purposes of innovation and entrepreneurship. Development occurs.
SUMMARY
The model of a development management system implemented for the strategy deployed for the Building Research Institute can be defined in terms of building research innovation, the method of achieving progress, and shaping the research area as an element in the engineering of construction projects. The essence of the presented issue, and at the same time a research challenge, is to define the tasks and methods of action for building research institutes working for the construction industry.
The concept of the model is an original solution created by the author, and can be assumed as a proposal for an innovative mechanism used to increase the effectiveness of the programming and implementation of the development policy, and improve the quality of functioning of a building research institute. The development management system included in this model is a set of actions targeting at the effective use of human and tangible resources, undertaken in a coordinated manner and leading to the achievement of previously established objectives. The market activity of building research institutes is directly or indirectly involved in construction projects, which translates into market mechanisms, such as innovation and competitiveness. In addition, it indicates the participation of a building research institute in the engineering of construction projects as a key to entrepreneurship and implementations.
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